II. Structure, Synthesis, Functions and Mechanism of Adiponectin:
Adiponectin is a protein hormone that modulates a number of metabolic processes, including glucose regulation and fatty acid catabolism and secreted from adipose tissue into the bloodstream and is very abundant in plasma relative to many hormones [22] . Adiponectin or AdipoQ, apM1 or GBP28 is a cytokine produced exclusively and is abundant in human plasma with concentrations of 5-30 (μg/mL), thus accounting for approximately 0.01% of total plasma proteins [23] . A description of the cDNA encoding adiponectin was first reported in 1995 by Scherer and colleagues [24] . Adiponectin is a protein of 245 amino acids consisting of four domains, an amino-terminal signal sequence, a variable region, a collagenous domain (cAd) and a carboxyterminal globular domain (gAd) [25] . Adiponectin is most similar to C1q which is a member of the complementrelated family of proteins [26] . The basic building block of adiponectin is a tightly associated trimer, which is formed by association between three monomers at the globular domains. Monomeric adiponectin has not been observed in the circulation and appears to be confined to the adipocyte. Four to six trimers associate through their collagenous domains to form higher order structures or oligomers which circulate in plasma [27, 28] . The human adiponectin gene that is encoded by apM1 mRNA is located on chromosome 3q27, consisting of three exons and two introns [29, 30] . The cloning of DNAs encoding adiponectin receptors 1(Adipo R1) and 2 (Adipo R2) was reported in June 2003. These receptors are predicted to contain seven transmembrane domains [30] .
X-ray crystallography of the globular fragment of adiponectin reveals a striking structural homology to TNF-a, suggesting an evolutionary link between the TNF-a family members and adiponectin [31] . Both C1q and TNF family play important roles in inflammation, the immune system and atherosclerosis [32] .
The synthesis and secretion of adiponectin is regulated by several mechanisms. Insulin stimulates adiponectin gene expression and its secretion from cultured 3T3-L1 adipocytes . Both insulin and insulin-like growth factor-1 (IGF-1) also increase adiponectin synthesis in adipocytes isolated from human visceral adipose tissue [33] . Peroxisome Proliferator Activated Receptors (PPAR) which belong to the nuclear hormone super family are involved in the regulation of adiponectin synthesis [34] .
Adiponectin may augment and mimic metabolic actions of insulin by increasing fatty acid oxidation and insulin-mediated glucose disposal in skeletal muscle as well as decreasing hepatic glucose output [35] . The mechanisms of adiponectin are largely unknown. Adiponectin administration has been shown to increase insulin induced tyrosine phosphorylation of the insulin receptor in skeletal muscle in association with increased whole-body insulin sensitivity [36] . Stimulation of glucose utilization and fatty acid oxidation in skeletal muscle and liver by adiponectin may also occur through activation of 5′-AMP kinase. 5′-AMP-activated protein kinase play a crucial role in the regulation of energy expenditure and glucose and lipid metabolism [37] . In the liver, the decreased free fatty acid influx and increased fatty acid oxidation contribute to reduced hepatic glucose output and very low density lipoprotein triglyceride synthesis. In vascular endothelium, adiponectin decreases monocyte adhesion to endothelium, suppresses macrophage-to foam cell transformation, and inhibits vascular smooth muscle cell proliferation and migration [38] .
III.
Atherosclerosis:
Adiponectin appears to protect the vasculature at each stage of atherogenesis. Atherosclerosis is largely considered an inflammatory disease and developing atherosclerosis have high levels of circulating inflammatory markers such as CRP [39] . CRP emerged as not only an independent risk factor for CVD but is also considered to be a biological mediator of atherosclerosis [40] . Decreased plasma adiponectin levels in women similarly demonstrated positive correlation with CRP elevation [41] .
The initial atherosclerotic lesion consists of monocytes and T lymphocytes. The first change of lesions of atherosclerosis is endothelial injury which is mediated by various inflammatory stimuli such as TNF-a. When the vascular endothelium injured, adiponectin accumulates in the subintimal space of the arterial wall through its interaction with collagens in the vascular intimal [42] . Adiponectin dose dependently inhibited TNF-a induced monocyte adhesion and expression of endothelial leukocyte adhesion molecule-1, intracellular adhesion molecule-1 and vascular cell adhesion molecule-1 on the endothelium [43] . It suggest that the intracellular signal by which adiponectin suppressed adhesion molecule expression is inhibition of endothelial nuclear transcription factor kB signaling through the activation of cAMP protein kinase A [44] . TNF-a activates nuclear transcription factor kB in endothelial cells by stimulating protein kinase NIK (NF-kB inducing kinase) which phosphorylates NF-kB inhibitor, IkB, initiating its degradation of IkB. The effect of adiponectin is specific for the IkB-NF-kB pathway. The inhibition of IkB phosphorilation is most likely mediated by the cAMP-protein kinase A pathway because it is mimicked by the membrane permeable cAMP analogue, dibutyryl-cAMP and blocked by inhibitors of protein kinase A [44] .
In addition, Ouchi and colleagues [43] found that adiponectin had effects on monocyte adhesion to endothelium, phagocytosis, myeloid differentiation and macrophage cytokine production. Adiponectin also suppresses lipid accumulation in monocyte derived macrophages through the suppression of macrophage scavenger receptor expression [45] .
Atherogenesis involves endothelial dysfunction which culminates from diminished production or availability of Nitric Oxide and an imbalance in the relative contribution of endothelium derived relaxing factors, such as angiotensin, endothelin-1 and oxidants [46] . NO is the key endothelium derived contracting factor that plays a pivotal role in the regulation of vasomotor function and vascular tone. Nitric Oxide protects against vascular injury and inflammation by inhibiting leukocyte adhesion to the endothelium and maintaining of vascular smooth muscle in a non-proliferative state and limiting platelet aggregation [47] . Adiponectin have anti-inflammatory properties by altering the level of NO at the level of the endothelium. In vitro, adiponectin induces Nitric Oxide production in human aortic endothelial cells via activation of the AMPK pathway and enhanced endothelial NO synthase (eNOS) mRNA and protein expression [48, 49] . By promoting NO generation, adiponectin serves as against the onset of endothelial dysfunction.
IV.
Conclutions:
In conclusion we find that the adipose tissue is not only a simple energy pool but it also secretes metabolic hormones, enzymes, anti-fibrinolytic proteins and inflammatory cytokines. Among, Adiponectin which is solely in adipose tissue, appears to play a very important role in carbohydrate and lipid metabolism and vascular biology. Adiponectin is an adipocyte-specific plasma protein which acts as an endogenous regulator of endothelial cells in response to inflammatory stimuli. It can suppress atherogenesis by inhibiting the adherence of monocytes, reducing their phagocytic activity and suppressing the accumulation of modified lipoproteins in the vascular wall. Adiponectin could become a promising target for future investigations in reducing the morbidity and mortality of atherosclerotic disease.
